treatment for HIV-infected infants reduces HIV-associated mortality, which is approximately 50% by age 2 years without treatment (3) . Since 2011, the annual number of HIV-infected children has declined by 50%. Despite this gain, in 2014, only 42% of HIV-exposed infants received a diagnostic test for HIV (2) , and in 2015, only 51% of children living with HIV received antiretroviral therapy (1) . Access to services for early infant diagnosis of HIV (which includes access to testing for HIV-exposed infants and clinical diagnosis of HIV-infected infants) is critical for reducing HIV-associated mortality in children aged <15 years. Using data collected from seven countries supported by the U.S. President's Emergency Plan for AIDS Relief (PEPFAR), progress in the provision of HIV testing services for early infant diagnosis was assessed. During 2011-2015, the total number of HIV diagnostic tests performed among HIV-exposed infants within 6 weeks after birth (tests for early infant diagnosis of HIV), as recommended by the World Health Organization (WHO) increased in all seven countries (Cote d'Ivoire, the Democratic Republic of the Congo, Haiti, Malawi, South Africa, Uganda, and Zambia); however, in 2015, the rate of testing for early infant diagnosis among HIV-exposed infants was <50% in five countries. HIV positivity among those tested declined in all seven countries, with three countries (Cote d'Ivoire, the Democratic Republic of the Congo, and Uganda) reporting >50% decline. The most common challenges for access to testing for early infant diagnosis included difficulties in specimen transport, long turnaround time between specimen collection and receipt of results, and limitations in supply chain management. Further reductions in HIV mortality in children can be achieved through continued expansion and improvement of services for early infant diagnosis in PEPFAR-supported countries, including initiatives targeted to reach HIV-exposed infants, ensure access to programs for early infant diagnosis of HIV, and facilitate prompt linkage to treatment for children diagnosed with HIV infection. WHO currently recommends testing of HIV-exposed infants in resource-limited settings using polymerase chain reaction (PCR) technology at age 4-6 weeks to optimize detection of intrauterine, intrapartum, and early postnatal HIV transmissions (4) CDC laboratory advisors from participating countries used a standardized questionnaire to abstract laboratory and clinical data from national laboratory databases on number of infant HIV tests, percent HIV positive, age of infant at time of test, turnaround time from specimen collection to return of laboratory results to health facility, and mode of specimen transportation. In addition, information was collected from laboratory databases on the number of sites collecting dried blood spots (because of simplified collection, transport, and storage, this is the type of specimen collected in resource-constrained settings for early diagnosis of HIV among infants); the number of laboratories providing services for early infant diagnosis; and the number of laboratories enrolled in proficiency testing programs. Laboratory managers reported operational challenges to and successes of testing for early infant diagnosis by responding to open-ended questions.
During 2011-2015, the total number of HIV diagnostic tests performed for infants increased in all seven countries, with the highest increase reported by Uganda (513%) and the lowest by Zambia (6%) in 2015 ( Table 1 ). The rate of early infant testing performed within 6 weeks of birth among HIVexposed infants was low to moderate, varying from 15% in the Democratic Republic of the Congo to 62% in South Africa in 2015. During 2011-2015, an upward trend in testing for early infant diagnosis was observed in Cote d'Ivoire and Zambia, and a stable trend was observed in Haiti, Malawi, and South Africa. Uganda and the Democratic Republic of the Congo had a sharp drop in the number of early HIV tests performed for infants, with the largest decrease observed from 2014 to 2015 (Table 1) . During 2011-2015, the infant HIV positivity rate declined in all seven countries, with three countries reporting >50% decline. Uganda reported the largest (60%) relative decrease, a decline from 10% in 2011 to 4% in 2015; Haiti reported the lowest (25%) relative decrease, a decline from 8% in 2012 to 6% in 2015.
During 2011-2015, the number of dried-blood-spot collection sites increased in all countries except in South Africa and Malawi, where the numbers of sites were stable. In 2015, South Africa had the highest number of dried-blood-spot collection sites (n = 3,500); although Haiti had the lowest number (n = 129) of collection sites in 2015, the number represented a 146% increase in sites compared with 2011. Three countries reported more laboratories using PCR to detect HIV infection among infants: Cote d'Ivoire, the Democratic Republic of the Congo, and Malawi. In all seven countries, all laboratories performing early infant testing for HIV participated in a proficiency-testing program, and all laboratories had a proficiency testing score ≥95% during the 5 years.
During 2011-2015, the mean testing turnaround time, from blood collection to results returned to the referring health facility, was documented in five countries. The shortest mean turnaround time was 22 days in Haiti in 2012 and the longest was 60 days in Uganda in 2012 and 2013. By 2015, only Cote d'Ivoire and Uganda saw improvements, with 50% declines in turnaround time (Table 2) . Specimens were transported from the referring health facility to the testing laboratory by bicycle, motorcycle, or car. Various approaches were used for transmitting test results back to the referring facility: phone, text messages, email, hard copies transported by vehicle, and web-based laboratoryinformation-system searches.
The most common reported challenges in access to services for early infant diagnosis included weak sample referral Abbreviations: HIV = human immunodeficiency virus; ND = no data available; PCR = polymerase chain reaction. * The World Health Organization recommends testing HIV-exposed infants in resource-limited settings using PCR technology at age 4-6 weeks to optimize detection of intrauterine, intrapartum, and early postnatal transmissions.
networks, long turnaround time, and limitations in supply chain management (Table 3 ). Three countries reported that integration of services for early infant diagnosis with other programs, including those providing immunizations, pediatric care, and health outreach in the community, were integral to success of access to testing for early infant diagnosis. Use of dried blood spots (Malawi and South Africa) and improvement in specimen referral networks (Malawi and Uganda) also were important factors for increasing access to early testing.
Challenges to implementation of testing for early infant diagnosis included mother and child being lost to follow-up, weak linkage between programs, (i.e., programs for the prevention of mother-to-child transmission and care/antiretroviral therapy), and inability to reach infants outside of the health care system.
Discussion
During 2011-2015, among the seven countries assessed, the number of infants being tested for HIV infection within Abbreviations: HIV = human immunodeficiency virus; ND = no data available. * Site refers to health facility or testing laboratory. † Mean turnaround time from blood collection at health facility to laboratory results returned to referring facility.
6 weeks of birth increased, and HIV positivity among tested infants declined (by more than half in three countries). These findings demonstrate substantive expansion of programs for early infant HIV diagnosis and improvements in the ability to monitor trends in HIV positivity among infants. However, despite these gains, the percentage of HIV diagnostic tests performed on HIV-exposed infants within 6 weeks of birth remained below 50% in five of the seven countries. This finding is consistent with reports by the Joint United Nations Programme on HIV/AIDS that, despite substantial initiatives to build capacity for programs for early infant diagnosis of HIV, only 42% of HIV-exposed infants received a test for HIV within the first 2 months of life in 2014 (3). Initiatives focused on improvement of supply chain management, sample referral networks (the links between dried-blood-spot collection sites and laboratories), and blood collection-to-results turnaround time are needed to improve coverage of testing for early infant diagnosis for these seven countries to reach the global goal of elimination of mother-to-child HIV transmission. Given the challenges reported with long turnaround times from specimen collection to receipt of test results, understanding the factors associated with delays in the pretest, test, and posttest phase could inform interventions to minimize turnaround time and improve follow-up and linkage to care. Strengthening specimen referral networks and supply chain management needs to take place in half of the countries assessed, similar to the improvements that have already occurred with other laboratory services in resource-limited settings (5) . Moreover, addressing the issues of integration between programs, mothers and children lost to follow-up, and the inability to reach children out of the health care system is needed to increase access to testing services for early infant diagnosis (6) .
Despite these challenges, important successes in the PEPFAR programs for early infant diagnosis have been recorded. PEPFAR has provided testing for early infant diagnosis in subSaharan Africa and the Caribbean, and has improved quality of testing through the use of proficiency testing programs (7, 8) . The program for early infant diagnosis has specifically helped improve country-level testing quality through the universal participation and successful performance of countries in external quality assurance programs (7) . The program for early infant testing also has helped pave the way for expanded PCR-based technology, such as HIV viral load testing, which is the recommended approach for monitoring the effectiveness of HIV treatment (9) .
The findings in this report are subject to at least three limitations. First, because of the low number of early infant diagnostic tests conducted in Haiti and the Democratic Republic of the Congo, the changes in HIV positivity observed over time may not be valid. Second, data were missing from several countries for some periods, making it difficult to assess trends. Finally, some data elements were self-reported and dependent upon perceptions of the respondent, such as programmatic data about successes and challenges of the early infant diagnosis program. Despite these limitations, by presenting the challenges experienced by these countries, this report provides insight into gaps in early infant HIV testing programs, which can be used to strengthen and enhance the programs in these seven countries.
To date, the global goal of elimination of mother-to-child HIV transmission has only been achieved by four countries (Armenia, Belarus, Cuba, and Thailand) (10) . Meeting the call for an AIDS-free generation and reaching the Joint United Nations Programme on HIV/AIDS fast-track treatment targets for children and infants cannot be achieved without accurate and early diagnosis of HIV-infected infants, prompt initiation of lifesaving antiretroviral therapy for these children, and lifelong clinical follow-up to ensure sustained viral suppression and better health outcomes.
Summary
What is already known about this topic?
Since 2011, the annual number of children infected with human immunodeficiency virus (HIV) has declined by 50% worldwide. However, in 2014, only 42% of HIV-exposed infants received a test for HIV; in 2015, only 51% of children living with HIV received antiretroviral therapy. The World Health Organization currently recommends testing HIV-exposed infants in resourcelimited settings at age 4-6 weeks.
What is added by this report?
During 2011-2015, in one Caribbean and six sub-Saharan countries supported by the President's Emergency Plan for AIDS Relief, the number of tests for early infant diagnosis increased, and the HIV-positivity rate declined in all seven countries. However, the rate of HIV testing performed within 6 weeks of birth among HIV-exposed infants, as recommended by the World Health Organization, was <50% in five countries in 2015. Difficulties in specimen transport, long turnaround time and limitations in supply chain management were among the most commonly reported challenges to accessing services for early infant diagnosis.
What are the implications for public health practice?
To meet fast-track HIV treatment targets for children and infants, accurate and early diagnosis of HIV-infected infants, prompt initiation of lifesaving antiretroviral therapy, and lifelong clinical follow-up to ensure sustained viral suppression are essential.
